Extracts obtained from leaves of Aloe barbadensis and A. congolensis, growing in Congo, were analyzed for their in vitro antiradical and anti-yeast activity. Different leaf tissues (tegument and gel) were analyzed separately. Their phenolic fractions showed the presence of chromones and anthrones (aloesin, aloin B, aloin A, and isoaloeresin), flavonoids (apigenin and kaempferol derivatives), and hydroxycinnamic acids. A differential quantitative composition was observed between leaf tegument and gel: in the first, higher concentrations of the four classes of compounds were observed. The extracts from the tegument exhibited higher in vitro antiradical and antimycotic activity than gel extracts. In a few cases, extracts from teguments were active against amphotericin B-insensitive yeasts. Due to the lack of radical scavenging and yeast inhibition observed when aloin was used, it was possible to postulate that the in vitro activities of the teguments could be related to their high concentration of flavonoids and hydroxycinnamic acids.
Biological activities (e.g. antioxidant, antiradical, anticarcinogenic, antimutagenic, antiproliferative and antimicrobial) expressed by extracts obtained from plant tissues are well known [1] . The increasing interest in discovering novel plant extracts exhibiting biological activities is justified by their potential role in supporting or even substituting commercial drugs.
The genus Aloe L. (Liliaceae) includes over 300 species of perennial herbs, shrubs and trees. Among them, A. barbadensis Miller (trivially labeled as A. vera) is a perennial herb with rosettes of long pointed leaves coming from a shortly branched, creeping rhizome. The leaves are brittle and exude a clear yellowish viscous sap when broken. Although it is widespread throughout the African continent, this species is considered to originate from southern and eastern Africa and from the Mediterranean regions. Leaves of A. barbadensis are characterized by a high water content and more than 60% of the dry weight is composed of polysaccharides [2] . Phenolics of the anthrone and chromone type have been described as the main secondary metabolites [3, 4] .
A. congolensis, which grows in a broad area of Congo, received its first botanical description in 1899 [5] . Neither the phenolic pattern nor the biological activity of this species has been reported.
Since antiquity, gel obtained from the succulent leaves of A. barbadensis has been used in folk medicine for obtaining preparations (traditionally known as "medicinal aloe") for treatment of internal and external diseases, both in humans and animals [6] ; this has been extensively proposed as a bactericidal and fungicidal drug [7] , as well as for dermatological applications, especially for radiationcaused skin lesions [8, 9] . However, no evidence has NPC Natural Product Communications [3, 10] , whereas no previous studies have reported the presence of flavonoids and hydroxycinnamic acids. On the basis of their UV-Vis and mass spectra, apigenin diglucoside and three kaempferol derivatives were detected in A. barbadensis leaves. The most representative compounds in the tegument extract of this species were aloesin, aloin B, aloin A, and isoaloeresin (the last two compounds not being separated), which were also observed in the gel. On the contrary, flavonoids and hydroxycinnamic acids were detected exclusively in the tegument.
By comparing the HPLC profile of A. congolensis with that of A. barbadensis, it was possible to observe that the composition of the tegument was characterized by a lesser amount of phenolics; in particular, an apigenin derivative is one of the main compounds. On the contrary, the gel of A. congolensis exhibited a higher amount of phenolics than that of A. barbadensis. It should, however, be pointed out that the amount of gel obtained is lower in the case of A. congolensis (see Table 1 ). Quantitative data of total phenolics, obtained from the chromatograms and calculated on the basis of aloin, apigenin-7-O-glucoside, and caffeic acid calibration curves, are reported in Table 2 .
Kinetic curves of the in vitro antiradical activity of extracts from A. barbadensis and A. congolensis teguments and gels are reported in Figure 1 .
In the first case, a higher antiradical activity has been observed. This evidence is in agreement with results obtained by Hu and co-workers [11] . In addition, tegument of A. congolensis exhibited a higher antiradical activity than that of A. barbadensis (80.7% vs 41.3%) (Figure 1 ). Since in preliminary tests we found that the aloin standard gave negative results in the DPPH test (unpublished data), we might suppose that the observed antiradical activity could be related to the presence of flavonoids and hydroxycinnamic acids (5.2% and 18.7% of the total polyphenol content for A. barbadensis and A. congolensis, respectively) ( amphotericin B-insensitive yeast strains ( Table 3) . As reported above, in vitro antimicrobial activity of extracts of A. barbadensis has been reported previously [7] , but, to the best of our knowledge, this is the first report of anti-yeast activity of extracts of teguments of A. congolensis. Likewise with the antiradical activity, as there was a lack of yeast inhibition observed when aloin was used (unpublished data), we might speculate that the in vitro anti-yeast activity of the Aloe species teguments could be related to their high concentration of flavonoids and hydroxycinnamic acids ( Table 2) .
Experimental
Chemicals and reagents: Methanol, acetonitrile (HPLC grade), methylene chloride, and formic acid (ACS reagent) were purchased from Aldrich Company Inc. (Milwaukee, Wiscosin), and aloin, aloemodin, caffeic acid and apigenin-7-O-glucoside from Extrasynthèse (Lyon, Nord-Genay, France).
Plant materials:
Three years-old Aloe plants were sampled at Kimbondo, Mont'ngafula, near Kinshasa (Democratic Republic of Congo) in June 2005. A. barbadensis was cultivated in a nursery in Minkoti, whereas a local ecotype of A. congolensis was sampled in its natural habitat in Minkoti. Living plants were transported to the laboratory for further sampling and analytical procedures. Gel and tegument of succulent leaves were separately extracted with ethanol-water (70:30, pH 3.2 with formic acid) in the dark for 12 h. The extracts were defatted twice with n-hexane, rinsed with water and Table 4 : Linear solvent gradient system used in HPLC-DAD and HPLC-MS analysis of Aloe samples. Analysis was carried out during a 58 min period at as flow rate of 1 mL/min using a Lichrosorb C18 (250 x 4.6 mm i.d., 5 μm) column operating at 27°C. subsequently lyophilized for 12 h. Length and weight of leaves, weight of gel and the percentage of lyophilized sample are reported in Table 1 . The lyophilized extracts were dissolved in ethanol-water (70:30, pH 3.2 with formic acid) and directly analyzed by HPLC/DAD and HPLC/MS.
HPLC/DAD and HPLC/MS analysis:
The lyophilized extracts were analyzed by reverse-phase and normal-phase high performance liquid chromatography. The analysis was carried out using a HP-1100 liquid chromatograph equipped with a DAD detector and a HP 1100 MSD API-electrospray (Agilent-Technologies, Palo Alto, USA) operating in positive and negative ionization mode. The elution conditions are reported in Table 4 . Identification of individual compounds was carried out on the basis of their retention times, spectroscopic and spectrometric data, using aloin, aloe emodin, luteolin-7-Oglucoside and caffeic acid as reference compounds. Calibration curves with r 2 ≥ 0.998 were considered. The quantification was performed at the maximum wavelength of UV-Vis absorbance by applying the correction for molecular weight, and the reported values are the means of three determination.
Determination of the in vitro antiradical activity:
Free radical scavenging activity was evaluated with the DPPH• (1,1-diphenyl-2-picrylhydrazyl radical) assay. The antiradical capacity of lyophilized extracts was estimated according to the procedure reported by Brand-Williams [12] and slightly modified. Two mL of an ethanol solution of lyophilized extracts were added to 2 mL of an ethanol solution of DPPH• (0.0025g/100mL) and the mixture kept at room temperature. The absorption was measured at 517 nm with a Lambda 25 spectrophotometer (Perkin-Elmer) with ethanol as a blank. The percentage of inhibition was calculated according to the following formula: Determination of in vitro anti-yeast activity: Eight yeast strains (each one representing the type strain of 8 different pathogenic species, belonging to 5 genera) [13] [14] [15] [16] were used as target microorganisms. All strains are conserved in the Industrial Yeast Collection DBVPG, University of Perugia, Italy, www.agr.unipg.it/dbvpg. Anti-yeast activity exhibited by lyophilized extracts of A. barbadensis and A. congolensis (as above prepared) were determined by using the agar diffusion well bioassay (ADWB) [16, 17] . Amphotericin B (AmB) (Calbiochem Inc., USA) was also tested as a control anti-yeast agent.
